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(57) ABSTRACT

The spectrometer includes a spectrometer body; a shield
including a layer on an exterior of the spectrometer body to
prevent light from entering and escaping through an area
other than a contact surface between the spectrometer body
and an object; an internal light source placed within the
shield and configured to emit light to the object; a spectro-
scope mounted 1n the spectrometer body and configured to
allow the light that passes therethrough to be casted 1nto a
spectrum; a detector configured to have one surface that 1s
in full contact with the spectroscope and to detect external
light entering from outside of the shield; and a processor
configured to, in response to the detector detecting the
external light, perform a certain processing.

20 Claims, 9 Drawing Sheets
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FIG. 6
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SPECTROMETER AND APPARATUS FOR
MONITORING LIGHT-SHIELDED STATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2015-0089921, filed on Jun. 24, 2015, in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein by reference in its entirety.

BACKGROUND
1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to improvement of an environment for
a spectrometer 10 measure a spectrum.

2. Description of Related Art

Raman spectroscopy 1s a techmque to 1identify a molecule.
When the molecule is 1rradiated with a laser, the molecule
absorbs energy as much as a difference between energy
levels of electrons of the molecule, and based on the
absorption, the molecule can be i1dentified. Raman spectro-
scope analyzes elements of substance in a non-destructive
way, and since each substance has 1ts own Raman scattering,
spectrum, Raman spectroscope can analyze elements of a
target substance from measured Raman scattering spectrum
of the substance.

Generally, a Raman spectrum 1s measured in a light-
shielded environment, such as a dark room, 1in an effort to
reduce noise 1n the measurement. Any incoming external
light may lead to an increase 1n noise, resulting 1n a reduced
accuracy ol measurement. In order to achieve a spectrum at
a certain level of quality by using a Raman spectrometer, a
dark room or a light-shielded environment 1s generally
required, but such a lmmited environment may impose
restrictions upon the measurement process.

Raman spectrometer may be used to analyze human skin,
but a laser of the Raman spectrometer may harm the human
body when 1t 1s discharged from the spectrometer. A high-
power light source of several tens of mW 1s needed to detect
a minute amount of elements in the human skin. If such a
high-power light source 1s exposed outside of the spectrom-
cter, and particularly, to human eyes, 1t may cause a burn to
a cornea and/or retina or may cause a cataract, and hence a
certain care 1s required in using the Raman spectrometer.

SUMMARY

Exemplary embodiments may address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, exemplary embodiments are not
required to overcome the disadvantages described above,
and may not overcome any of the problems described above.

One or more exemplary embodiments provide an appa-
ratus and a method for improving a measurement environ-
ment for a spectrometer by monitoring whether the spec-
trometer 1s shielded from external light.

In accordance with an aspect of an exemplary embodi-
ment, there 1s provided a spectrometer including: a spec-
trometer body; a shield including a layer on an exterior of
the spectrometer body to prevent light from entering and
escaping through an area other than a contact surface
between the spectrometer body and an object; an internal
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2

light source placed within the shield and configured to emat
light to the object; a spectroscope mounted in the spectrom-
cter body and configured to allow light that passes there-
through to be casted into a spectrum; a detector configured
to have one surface that 1s in full contact with the spectro-
scope and detect external light entering from outside of the
shield; and a processor configured to, in response to the
detector detecting the external light, perform predesignated
processing.

The spectrometer may be a Raman spectrometer, the
internal light source may be a monochromatic light source,
and the spectroscope may be a Raman spectroscope that
shows a spectrum of monochromatic light.

The detector may analyze a shape of spectrum incident
through the contact surface to detect the external light.

The detector may analyze a type of the detected external
light based on the shape of spectrum.

The type of the external light may include at least one of
the following: natural light, an 1ncandescent lamp, a fluo-
rescent lamp, and a laser.

In response to an amount of external light detected being
greater than a threshold, the processor may block the internal
light source.

In response to the external light being detected, the
processor may output an alarm or a warning sound to notify
a user ol whether an 1nside of the spectrometer 1s shielded
from light.

The processor may provide a user with information about
a specific reference spectrum that may occur when there 1s
no external light.

In accordance with an aspect of an exemplary embodi-
ment, there 1s provided a spectrometer including: a spec-
trometer body; a shield including a layer on an exterior of
the spectrometer body to prevent light from entering and
escaping through an area other than a contact surface
between the spectrometer body and an object; an internal
light source mounted within the shield and configured to
emit light to the object; a spectroscope mounted in the
spectrometer body and configured to allow light that passes
therethrough to be casted into a spectrum; a detector con-
figured to have one surface which includes a contact surface
that 1s 1n contact with the spectroscope and a non-contact
surface, and to detect external light incident from the outside
of the shield; and a processor configured to, 1n response to
the detector detecting the external light, perform predesig-
nated processing.

The detector may detect external light from incoming
light rays that have entered through the non-contact surface
and the detector may analyze a type of the detected external
light based on a shape of a spectrum incident through the
contact surface.

In response to an amount of external light detected being
greater than a threshold, the processor may block the internal
light source.

In response to the external light being detected, the
processor may output an alarm or a warning sound to notify
a user ol whether an 1nside of the spectrometer 1s shielded
from light.

The processor may provide a user with information about
a specific reference spectrum that may occur when there 1s
no external light.

In accordance with an aspect of an exemplary embodi-
ment, there 1s provided an apparatus for monitoring a
light-shielded state of a spectrometer, the apparatus includ-
ing: a light-shielded state analyzer configured to detect
external light entering from outside of the spectrometer
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having a shield; and a monitoring device configured to
perform designated processing in response to the external
light being detected.

The light-shielded state analyzer may analyze a shape of
spectrum 1ncident through a spectroscope to detect the
external light.

In response to the external light being detected, the
light-shielded state analyzer may analyze a type of the
external light.

The light-shielded state analyzer may detect the external
light from light rays that have entered without passing
through a spectroscope, and 1n response to the external light
being detected, the light-shielded state analyzer may analyze
the detected external light based on a shape of a spectrum
incident through the spectroscope.

In response to an amount of external light detected being,
greater than a threshold, the monitoring device may block
the 1nternal light source.

In response to the external light being detected, the
monitoring device may output an alarm or a warning sound
to notify a user of whether an inside of the spectrometer 1s
shielded from light.

The monitoring device may provide a user with informa-
tion about a specific reference spectrum that may occur
when there 1s no external light.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and/or other aspects will become more appar-
ent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

FIG. 1 1s a diagram illustrating a configuration of a
spectrometer according to an exemplary embodiment.

FIG. 2A 1s a diagram illustrating a configuration of a
spectrometer according to another exemplary embodiment.

FIG. 2B 1s a diagram showing an example of a contact
surtace and a non-contact surface between the detector and
the spectroscope.

FIG. 3 1s a diagram 1illustrating an apparatus for monitor-
ing whether a spectrometer 1s shielded from light, according
to an exemplary embodiment.

FIG. 4 1s a diagram 1llustrating incoming and outgoing of
internal and external light 1n a spectrometer according to an
exemplary embodiment.

FIG. 5 1s a graph illustrating examples of a spectrum

measured 1n an environment where the external light 1s
blocked.

FIG. 6 1s a graph showing examples of a spectrum
measured when external light has been introduced.

FIG. 7 1s an example of a vibrational spectrum measured
when a type of incident external light 1s fluorescent light.

FIG. 8 1s an example of vibrational spectra measured
when a type of incident external light 1s natural light.

DETAILED DESCRIPTION

Certain exemplary embodiments will be described in
greater detail with reference to the accompanying drawings.

In the following description, like drawing reference
numerals are used for like elements, even 1n different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist 1n
a comprehensive understanding of the exemplary embodi-
ments. However, 1t 1s apparent that the exemplary embodi-
ments can be practiced without those specifically defined
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4

matters. Also, well-known functions or constructions are not
described in detail since they would obscure the description
with unnecessary detail.

FIG. 1 1s a diagram 1illustrating a configuration of a
spectrometer according to an exemplary embodiment.
Referring to FIG. 1, a spectrometer 100 includes a spec-
trometer body 110, a shield 120, an internal light source 130,
a spectroscope 140, a detector 150, and a processor 160.

The spectrometer body 110 accommodates the internal
light source 130, the spectroscope 140, the detector 150, and
the processor 160.

The shield 120 1s a layer on an exterior of the spectrom-
cter body 110 to prevent the light from entering and escaping
through an area other than a contact surface 162 between the
spectrometer body 110 and an object. The shield 120 1s a
layer that separates the inside and outside of the spectrom-
cter 100, preventing the internal light and the external light
from entering and escaping. The shield 120 to prevent the
entering and leaving of the internal light and external light
1s not provided on the contact surface 162 between the object
and the spectrometer 100, and hence external light may enter
into the spectrometer 100 during the measurement process.
FIG. 1 illustrates the shield 120 formed on the external
surfaces of the spectrometer 100, other than the contact
surface in contact with the object. However, the shape, type,

and size of the shield 120 are not limited to an exemplary
embodiment described 1n FIG. 1.

The internal light source 130 within the shield 120 emats
light to the object. The internal light source 130 may be light
of a single wavelength, such as laser light, and a Raman
spectrometer may use a laser as internal light.

The spectroscope 140 1s mounted 1n the body 110, and
light that passes through the spectroscope 140 is casted into
a spectrum. At this time, the light incoming to the spectro-
scope 140 may include internal light irradiated by the
internal light source 130 and external light incident from an
external light source of the shield. If the spectrometer 100 1s
a Raman spectrometer, the spectroscope 140 may be a
Raman spectroscope that shows the spectrum of monochro-
matic light.

For example, when the internal light source 130 emits
monochromatic light to the object, scattered light enters into
the spectroscope 140, and the spectroscope 140 casts the
incoming light into a vibrational spectrum. At this time, 1f
the external light enters 1nto the spectroscope 140, a spec-
trum that has passed through the spectroscope 140 may
appear to have been interfered by the external light.

The wvibrational spectrum that has passed through the
Raman spectroscope may be converted into an electrical
signal through the detector 150, and the converted vibra-
tional spectrum may be delivered to a user. The vibrational
spectrum measured by the Raman spectrometer may be used
to mspect vibrational structures of molecules or to perform
qualitative, quantitative analysis of substance. Also, the
Raman spectrometer may be used 1n research for an intra-
cellular or extracellular biochemical, morphological infor-
mation analysis on tissues.

The detector 150 having a contact surface 164, ¢.g., a first
surface, that 1s 1 full contact with the spectroscope 140
detects external light incoming from the outside of the shield
120. Because the detector 150 detects the light that has
passed through the spectroscope 140 and then comes 1nto the
detector 150, the detector 150 can detect both the internal
and external light. The detector 150 may detect the external
light by analyzing a spectrum of light incoming through the
contact surface with the spectroscope 140.
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According to the exemplary embodiment, when the spec-
trometer 100 1s 1n close contact with the object and hence the
external light 1s completely blocked by the shield 120, the
detector 150 may detect analysis information of components
existing 1n the object and separated into a spectrum.

If external light 1s introduced into a gap between the
contact surfaces of the spectrometer 100 and the object, the
vibrational spectrum that 1s imncoming to the detector 1350
contains the result of interference from the external light.
Generally, CCD counts of external light is relatively greater
than those of internal light, and hence when the external
light has entered into the spectrometer, 1t 1s not possible to
analyze the components of the object from the vibrational
spectrum measured.

In the above case, the user has to perform again the
measurement with the spectrometer 100. However, in some
cases, the user may not notice that the measurement result 1s
incorrect due to incoming external light. To prevent such an
instance, once the detector 150 has detected external light,
the processor 160 may perform necessary procedures to
notily the user of the detection.

According to the exemplary embodiment, the detector
150 may analyze a shape of an incoming spectrum emitted
through the contact surface 1n contact with the spectroscope
140 and detect external light based on the analysis result. For
example, 1n the case where a laser that 1s monochromatic
light 1s used the internal light source 130, the vibrational
spectrum emitted into the detector 150 may cover a certain
vibrational range. If there 1s mcoming external light, the
vibrational spectrum may have an irregular range or vibra-
tion counts that are out of a specific range. Examples of the
vibrational spectrum will be described with reference to
FIGS. 5§ to 8.

The detector 150 may determine whether the external
light has been mtroduced and analyze the type of external
light source based on the shape of the vibrational spectrum.
While the types of external light source may vary, types of
external light sources that can be introduced to the spec-
trometer 100 1n a common measurement environment may
include natural light, an incandescent lamp, a fluorescent
lamp, a laser, and the like. Because every external light has
its own unique wavelength, the detector 150 may be able to
analyze the type of external light source through the spec-
trum analysis.

As described above, the spectrum analysis process may be
implemented through internal software or hardware configu-
ration of the detector 150. However, the spectrum analysis
process may also use external software or hardware con-
figuration of the detector 150, and hence the implementation
1s not limited to the above-described.

Once the external light 1s detected by the detector 150, the
processor 160 may perform designated processing. For
example, 11 the amount of external light detected by the
detector 150 1s greater than a threshold, the processor 160
may block the internal light source 130. In order to measure
the human skin condition, a high-power laser of several tens
of mW 1s generally used. In the case where the internal light
source 130 1s a laser of the spectrometer, an externally
exposed high-power laser may harm the user’s health. If the
detector 150 has detected the external light, 1t indicates that
the spectrometer 1s not completely shielded, so the processor
160 may, 1n turn, block the internal light source 130.

In another example, once the external light has been
detected, the processor 160 may output an alarm or a
warning sound to notily the user of whether the 1nside of the
spectrometer 100 1s shuelded from light, e.g., about a degree
of adequate shielding. For example, the processor 160
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provides information to notity the user that the inside of the
spectrometer 1s not completely shielded from external light.
A method of the processor 160 for notilying the user of
whether the 1nside of the spectrometer 1s shielded may vary,
and hence, exemplary embodiments are not limited to the
above example.

In addition, the processor 160 may provide the user with
information about a reference spectrum that may occur when
there 1s no external light. Because a result the user wants to
obtain 1s a spectrum measured in the condition where the
external light 1s blocked, a spectrum that can be obtained 1n
a proper measurement environment may be provided to the
user as control data. In this case, the user may be able to
estimate measurement results of the spectrometer from the
reference spectrum.

FIG. 1 illustrates each element as a simple block. In
addition to an exemplary embodiment described above,
vartous arrangements of the elements are available, and
aspects of the exemplary embodiment of FIG. 1 are not
limited 1n a size, shape, and disposition of each element.

FIG. 2A 1s a diagram 1llustrating a configuration of a
spectrometer according to another exemplary embodiment.
FIG. 2B 1s a diagram showing an example of a contact
surface and a non-contact surface between the detector and
the spectroscope.

Referring to FIG. 2A, a spectrometer 200 includes a
spectrometer body 210, a shield 220, an internal light source
230, a spectroscope 240, a detector 250, and a processor 260.
Here, the spectrometer body 210, the shield 220, the internal
light source 230, the spectroscope 240, the detector 250, and
the processor 260 are already described with reference to
FIG. 1, and hence the descriptions thereol will be omitted.

The detector 250 which has one surface consisting of a
contact portion 264 (hereinaiter, will be referred to as a
“contact surface”) that 1s 1n contact with the spectrometer;
and the remaining non-contact portion 262 (hereinatter, will
be referred to as a “non-contact surface™) detects external
light introduced 1nto the spectrometer 200. Referring to FIG.
2B, arrows denote the contact surface between the detector
250 and the spectroscope and the non-contact surface,
respectively. Positions or arrangement of the detector 250
and the spectroscope 240 are not limited to an exemplary
embodiment shown in FIG. 2B, such that any portion of the
detector 250 which 1s not in contact with the spectroscope,

but can detect light scattered from the object, can be a
non-contact surface.

Detection of light that has entered through the contact
surface may be less sensitive than the detection of light that
has entered through the non-contact surface. Because the
non-contact surface has a high sensitivity to light, a low
intensity or a small amount of incoming external light can be
detected through the non-contact surface.

For example, the detector 250 may detect external light
from the incoming light rays that have passed through the
non-contact surface, and analyze a type of external light
source based on the shape of incoming spectrum emitted
through the contact-surface between the detector 250 and the
spectroscope 240. The detector 250 may detect external light
from among incoming light rays that have passed through
the non-contact surface which has a high sensitivity to light,
and 11 the external light 1s not detected, the detector 250 may
not carry out the analysis of the shape of incoming spectrum
emitted through the contact surface in contact with the
spectroscope 240. In addition, when the detector 250 detects
the external light through the non-contact surface, 1t 1s
possible to detect a smaller amount or a lower itensity of
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external light, as compared to when detecting the external
light only through the contact surface 1n contact with the
spectroscope 240.

In another example, the detector 250 may analyze the
shape of mcoming spectrum emitted through the contact
surface 1n contact with the spectroscope, and then detect
external light based on the analysis result. If the internal
light source 230 uses a single laser, the vibrational spectrum
that 1s emaitted into the detector 250 may cover a certain
vibrational range. If there 1s incoming external light, the
vibrational spectrum may have an irregular range or vibra-
tion counts that are out of a specific range. Examples of the
vibrational spectrum will be described with reference to
FIGS. § to 8.

The detector 250 may analyze the type of external light
source based on the shape of wvibrational spectrum.
Examples of the light source may include natural light,
incandescent lamp, fluorescent lamp, laser, and the like.
Because every external light has its own unique wavelength,
the detector 1s able to analyze the type of external light
source using the spectrum analysis.

In addition, the detector 250 converts the spectrum of the
detected light 1into an electrical signal and makes a record of
the electrical signal, thereby allowing the spectrum that has
passed through the spectroscope to be provided as informa-
tion that can be delivered to the user.

The spectrum analysis process as described in the above
examples may be implemented through internal software or
hardware configuration of the detector 250. However, the
spectrum analysis process may also use external software or
hardware configuration of the detector 150, and hence the
implementation 1s not limited to the above-described.

FIG. 3 1s a diagram 1illustrating an apparatus for monitor-
ing whether a spectrometer 1s shielded from light, according
to an exemplary embodiment. An apparatus 300 for moni-
toring whether a spectrometer 1s shielded from light may
include a light-shielded state analyzer 350 and a monitoring
device 360. Here, the spectrometer may be a Raman spec-
trometer that has a monochromatic light source as an inter-
nal light source and measures a spectrum of the monochro-
matic light.

The light-shielded state analyzer 350 may detect external
light that enters from the outside of a shield of the spec-
trometer, and then may analyze the detected light. The
spectrometer has the shield to prevent external light and
internal light from being entering and escaping. However, a
contact surface between the spectrometer and an object 1s
not provided with the shield, and hence external light can
enter through the contact surface into the spectrometer
during measurement of the object.

For example, the light-shielded state analyzer 350 may
analyze a shape of incoming spectrum emitted through the
spectroscope to detect external light. For example, 1f a laser
that 1s a monochromatic light source i1s used as an internal
light source, a vibrational spectrum emitted into a detector
may cover a certain vibrational range. If there 1s incoming
external light, the vibrational spectrum may have an 1rregu-
lar range or vibration counts that are out of a specific range.
The light-shielded state analyzer 350 may analyze whether
external light has been introduced or the type of external
light source based on the shape of vibrational spectrum
which has passed through the spectroscope.

Once the light-shielded state analyzer 350 detects external
light, 1t may analyze the type of external light source. The
types of external light source may include at least one of
natural light, incandescent lamp, fluorescent lamp, laser, and

the like.
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In another example, the light-shielded state analyzer 350
may detect external light from among light rays entering
without passing through the spectroscope, and 11 the external
light 1s indeed detected, the light shielded state analyzer 350
may analyze the detected external light based on the shape
of the mcoming spectrum that has passed through the
spectroscope.

For example, the light-shielded state analyzer 350 may
detect the external light by comparing the range of counts
represented 1n the detected vibrational spectrum to a specific
range of counts that the vibrational spectrum of internal light
may have. In this case, because the light-shielded state
analyzer 350 detects the external light from the incoming
light that has not passed through the spectroscope, the
sensitivity to light may be relatively higher, and hence 1t 1s
possible to detect a small amount or a low intensity of
external light.

I external light 1s detected from incoming light that has
not passed through the spectroscope, the light-shielded state
analyzer 350 may analyze the detected external light based
on the shape of incoming spectrum that has passed through
the spectroscope. At this time, the light-shielded state ana-
lyzer 350 may analyze the type of external light source based
on the shape of spectrum. Examples of the external light
source may 1nclude natural light, incandescent lamp, fluo-
rescent lamp, laser, and the like. Because every external light
has 1ts own unique wavelength, the light-shielded state
analyzer 350 1s able to analyze the type of external light
source using the spectrum analysis.

In this case, the light-shielded state analyzer 350 may be
a soltware or hardware configuration 1n the spectrometer.

The monitoring device 350 may perform designated pro-
cesses when the light-shielded state analyzer 350 has
detected the external light. When an amount of external light
detected 1s greater than a threshold, the monitoring device
360 may cut off the internal light source. In order to measure
the human skin condition, a high-power laser of several tens
of mW 1s generally used. In the case where the internal light
source of the spectrometer 1s a laser, an externally exposed
high-power laser may harm the user’s health. If the external
light 1s detected, i1t indicates that the spectrometer 1s not
completely shielded, so the monitoring apparatus 350 may,
in turn, block the internal light source.

In another example, the monitoring device 360 may
output an alarm or a warming sound to notily the user of
whether the inside of the spectrometer 1s shielded from light.
The monitoring device 360 provides information to notily
the user that the mside of the spectrometer 1s not completely
shielded from external light. A method of the momitoring
device 360 for notilying the user of whether the 1nside of the
spectrometer 1s shielded may vary, and hence, exemplary
embodiments are not limited to the above example.

In addition, the monitoring device 360 may provide the
user with information about a reference spectrum that may
occur when there 1s no external light. Because a result the
user wants to obtain 1s a spectrum measured 1n the condition
where the external light 1s blocked, a spectrum that can be
obtained 1 a proper measurement environment may be
provided to the user as control data. In this case, the user
may be able to estimate measurement results of the spec-
trometer from the reference spectrum.

As described above, the monitoring device 360 may
monitor 1n real time whether the nside of the spectrometer
1s shielded or not, and may control the spectrometer accord-
ing to the monitoring result.

FIG. 4 1s a diagram 1illustrating incoming and outgoing of
internal and external light 1n a spectrometer according to an
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exemplary embodiment. According to the exemplary
embodiment, 1t 1s required that a Raman spectrometer uses
monochromatic light as an internal light source and the
measurement 1s carried out in a darkroom in order obtain
accurate measurement results. Even a minute amount of
external light may interfere with the spectrum, thereby
allecting the measurement results.

A spectrometer body 110 blocks the external light by
using a shield 120. However, the contact surface of the
spectrometer in contact with an object cannot be shielded by
the shield 120, and therefore a gap may exist between the
spectrometer and the object.

Referring to FIG. 4, 11 the object 1s human skin and a gap
between the spectrometer and the skin 1s not completely
shielded, external light may be emitted into the spectrometer
while mternal light irradiated from the laser, which i1s the
internal light source of the spectrometer, may escape from
the gap.

When the laser 130 which 1s the internal light source emits
light to the skin, the emitted internal light 1s scattered from
the skin, and parts of scattered light enter through the
spectroscope 140. Light that has passed through the spec-
troscope 140 1s emitted into the detector 150 1n a vibration
spectrum, and the detector 150 detects the mcoming light
and converts the detected light into an electrical signal. At
this time, 11 the external light enters into the spectrometer as
shown 1n FIG. 4, the detector 150 may detect the external
light and performs designated process using a processor.

According to the exemplary embodiment, the spectrom-
cter 100 can analyze the type of external light based on the
shape of the vibrational spectrum. Hereinafter, the shape of
vibrational spectrum that 1s measured in the presence and
absence of external light, and according to the type of
external light will be described with reference to FIGS. 5 to
7.

FIG. 5 1s a graph illustrating examples of a spectrum
measured in the environment where the external light 1s
blocked. The x-axis represents a wavelength (nm) and the
y-axis represents counts (CCD counts) due to vibration.
According to the exemplary embodiment, the Raman spec-
trometer emits a laser, which 1s monochromatic light, to an
object, and a wvibrational spectrum of the object that has
passed through a spectroscope remains within a relatively
constant range.

For example, a graph of FIG. 5 shows vibrational spectra
measured for different periods, 1.e., 1 second, 10 seconds, 20
seconds, and 60 seconds. As the time period for measure-
ment 1ncreases, the measured counts also increase, while
cach vibration spectrum remains within a specific range of
counts because the light incident into the Raman spectro-
scope 15 monochromatic light.

FIG. 6 1s a graph showing examples of a spectrum
measured when external light has been introduced. The
graph of FIG. 6 shows the ifluence of incoming external
light that on the spectrum measurement of the spectroscope.
When the external light enters into the spectroscope, a
probability of noise occurring increases, and 1if the external
light 1s not monochromatic light, such as a laser, counts may
fluctuate widely depending on wavelengths. Referring to
FIG. 6, count values corresponding to wavelengths between
785 nm up to 935 nm vary drastically. Also, it 1s seen that
the count value 1ncreases up to 30000, which indicates the
range of count values increases as compared to the spectra
of FIG. 5, which are measured in a light-shielded environ-
ment.

Measurement results obtained 1n the presence of incoming,
external light, as shown 1 FIG. 6, may be significantly
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different from the results obtained in the presence of internal
light only, and noise caused by the external light may lead
to a high peak at a specific wavelength. According to the
exemplary embodiment, the wvibrational spectra difler
depending on the presence of internal light only, or both
internal and external light, and thus, the spectrometer 1s able
to analyze whether the external light has been detected by
analyzing the shape of the spectrum. In this case, because
counts due to the internal light are negligible compared to
the counts due to the external light, any mmcoming external
light may significantly affect the measurement results.

FIGS. 7 and 8 are graphs showing shapes of vibrational
spectra according to types of external light. FIG. 7 1s an
example of a vibrational spectrum measured when a type of
incident external light 1s fluorescent light. Referring to FIG.
7, 1n the case where fluorescent light 1s the incoming
external light, 1t 1s observed that a number of narrow peaks
occur at specific wavelengths. Hence, 11 a vibrational spec-
trum measured by a spectrometer exhibits a shape having
several peaks at the specific wavelengths, as shown 1n the
graph of FIG. 7, the type of external light may be determined
to be fluorescent light.

FIG. 8 1s an example of vibrational spectra measured
when a type of incident external light 1s natural light. Natural
light has a wide spectral range from infrared (IR) over the
visible up to the ultraviolet (UV) range, and thus 1t can aflect
a wide range of the spectrum.

Shown 1 FIG. 8 are examples of a spectrum that are
measured for the same length of time but with different light
intensity. In FIG. 8, graph 810 and graph 820 each have
count values of more than 60000 at specific wavelength
bands, from which 1t may be inferred that the vibrational
spectrum was measured under natural light of high intensity
in a relatively bright environment.

In a similar manner, 1t may be analyzed that a vibrational
spectrum of graph 830 having count values of more than
20000 at specific wavelength bands was measured 1n a
relatively dimmer environment compared to the environ-
ment where vibrational spectra of graphs 810 and 820 were
measured. In addition, it 1s seen that graph 840 shows count
values of about less than 10000 at almost any wavelength,
and based on the range of count values measured, 1t may be

analyzed that a wvibrational spectrum of graph 840 was
measured 1n a shaded or dark environment.

As such, the spectrometer may analyze the shape of
vibrational spectrum to determine the type of external light,
and also may analyze the counts of vibrational spectrum to
determine the light intensity of the measurement environ-
ment.

As seen 1n comparison between graphs of FIGS. 7 and 8,
fluorescent light has a graph form that 1s clearly different
from that of natural light, and thus, the spectrometer may be
able to analyze the type of incoming external light based on
cach spectrum.

The exemplary embodiments can be implemented as
computer readable codes in a computer readable record
medium. Codes and code segments constituting the com-
puter program can be easily inferred by a skilled computer
programmer 1n the art. The computer readable record
medium 1ncludes all types of record media in which com-
puter readable data are stored. Examples of the computer
readable record medium include a ROM, a RAM, a CD-
ROM, a magnetic tape, a floppy disk, and an optical data
storage. Further, the record medium may be implemented 1n
the form of a carrier wave such as Internet transmission. In
addition, the computer readable record medium may be
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distributed to computer systems over a network, 1n which
computer readable codes may be stored and executed 1n a
distributed manner.

Although a few exemplary embodiments have been
shown and described, exemplary embodiments are not lim-
ited thereto. It would be appreciated by those skilled 1n the
art that changes may be made 1n these exemplary embodi-
ments without departing from the principles and spirit of the
disclosure, the scope of which 1s defined 1n the claims and
their equivalents.

What 1s claimed 1s:
1. A spectrometer comprising:

a spectrometer body;

a shield comprising a layer on an exterior ol the spec-
trometer body to prevent light from entering and escap-
ing through an area other than a contact surface
between the spectrometer body and an object;

an 1internal light source placed within the shield and
configured to emit light to the object;

a spectroscope mounted in the spectrometer body and
configured to allow light that passes therethrough to be
casted nto a spectrum;

a detector, which has a first surface, an entirety of which
1s 1n full physical contact with the spectroscope, and a
non-contact portion which 1s not 1 physical contact
with the spectroscope, and which 1s configured to
detect an external light entering from an outside of the
shield; and

a processor configured to perform a certain processing, in
response to the detector detecting the external light.

2. The spectrometer of claim 1, wherein the internal light
source includes a monochromatic light source, and

the spectroscope includes a Raman spectroscope that
shows a spectrum of a monochromatic light.

3. The spectrometer of claim 1, wherein the detector 1s
configured to analyze a shape of the spectrum transmitted
through the first surface to detect the external light.

4. The spectrometer of claim 3, wherein the detector 1s
configured to analyze a type of the detected external light
based on the shape of the spectrum.

5. The spectrometer of claim 4, wherein the type of the
external light comprises at least one among a natural light,
an incandescent lamp light, a fluorescent lamp light, and a
laser light.

6. The spectrometer of claim 1, wherein the processor 1s
configured to block the internal light source, 1n response to
an amount of the detected external light being greater than
a threshold.

7. The spectrometer of claim 1, wherein the processor 1s
configured to output an alarm or a warning sound to notily
a user of a degree to which an 1nside of the spectrometer 1s
shielded from the external light, 1n response to the external
light being detected.

8. The spectrometer of claim 1, wherein the processor 1s
configured to provide a user with information about a
specific reference spectrum that may occur when there 1s no
external light being detected.

9. A spectrometer comprising:

a spectrometer body;

a shield comprising a layer on an exterior of the spec-
trometer body to prevent a light from entering and
escaping through an area other than a contact surface
between the spectrometer body and an object;

an internal light source mounted within the shield and
configured to emit light to the object;
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a spectroscope mounted in the spectrometer body and
configured to allow the light that passes therethrough to
be casted 1nto a spectrum;

a detector, which has a first surface which comprises a
contact portion that 1s in physical contact with the
spectroscope and a non-contact portion which 1s not 1n

physical contact with the spectroscope, and 1s config-
ured to detect external light transmitted from an outside

of the shield; and

a processor configured to perform a certain processing, 1n
response to the detector detecting the external light.

10. The spectrometer of claim 9, wherein the detector 1s
configured to detect the external light from incoming light
rays that have entered through the non-contact portion of the
first surface, and the analyze a type of the detected external
light based on a shape of the spectrum transmitted through
the contact portion of the first surface.

11. The spectrometer of claim 9, wherein the processor 1s
configured to block the internal light source, 1n response to
an amount of the external light detected being greater than
a threshold.

12. The spectrometer of claim 9, wherein the processor 1s
configured to output an alarm or a warning sound to notily
a user of a degree to which an 1nside of the spectrometer 1s
shielded from the external light, 1n response to the external
light being detected.

13. The spectrometer of claim 9, wherein the processor 1s
configured to provide a user with information about a
specific reference spectrum that may occur when there 1s no
external light being detected.

14. An apparatus for monitoring a light-shielded state of
a spectrometer, the apparatus comprising:

a light-shielded state analyzer configured to detect an
external light entering from an outside of the spectrom-
cter being shielded with a shield, the shield comprising
a layer on an exterior ol a spectrometer body of the
spectrometer to prevent light from entering and escap-
ing through an area other than a contact surface
between the spectrometer body and an object; and

a monitoring device configured to perform a certain
processing 1n response to the external light being
detected,

wherein the external light 1s detected by a detector having
a first surface 1n full physical contact with a spectro-
scope, and a non-contact portion which 1s not in physi-
cal contact with the spectroscope.

15. The apparatus of claim 14, wherein the light-shielded
state analyzer 1s configured to analyze a shape of a spectrum
incident on a spectroscope to detect the external light.

16. The apparatus of claim 135, wherein the light-shielded
state analyzer 1s configured to analyze a type of the external
light based on the shape of the spectrum, 1n response to the
external light being detected.

17. The apparatus of claim 14, wherein the light-shielded
state analyzer 1s configured to detect the external light from
light rays that have entered without passing through a
spectroscope, and analyze the external light based on a shape
ol a spectrum 1ncident on the spectroscope, 1n response to
the external light being detected.

18. The apparatus of claim 14, wherein the monitoring
device 1s configured to block the internal light source, 1n
response to an amount of the detected external light being
greater than a threshold.

19. The apparatus of claim 14, wherein the monitoring
device 1s configured to output an alarm or a warning sound
to notity a user of a degree to which an inside of the
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spectrometer 1s shielded from the external light, 1n response
to the external light being detected.

20. The apparatus of claim 14, wherein the monitoring
device 1s configured to provide a user with information
about a specific reference spectrum that may occur when 5
there 1s no external light being detected.
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